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Objective: This prospective multicenter investigation was conducted to define the repeatability of duplex-based identifi-
cation of venous reflux and the relative effect of key parameters on the reproducibility of the test.
Methods: Repeatability was studied by having the same technologist perform duplicate tests, at the same time of the day,
using the same reflux-provoking maneuver and with the patient in the same position. Reproducibility was examined by
having two different technologists perform the test at the same time of the day, using the same reflux-provoking maneuver
and with the patient in the same position. Facilitated reproducibility was studied by having two different technologists
examine the same patients immediately after an educational intervention. Limits of agreement between two duplex scans
were studied by changing three elements of the test: time of the day (morning vs afternoon), patient’s position (standing
vs supine), and reflux initiation (manual vs automatic compression–decompression).
Results: The study enrolled 17 healthy volunteers and 57 patients with primary chronic venous disease. Repeatability of
reflux time measurements in deep veins did not significantly differ with the time of day, the patient’s position, or the
reflux-provoking maneuver. Reflux measurements in the superficial veins were more repeatable (P < .05) when performed in
the morning with the patient standing. The agreement between the clinical interpretations significantly depended on a selected
cut point (Spearman’s , 0.4; P < .01). Interpretations agreed in 93.4% of the replicated measurements when a 0.5-second
cut point was selected. The training intervention improved the frequency of agreement to 94.4% (  0.9). Alternations of the
time of the duplex scan, the patient’s position, and the reflux-provoking maneuver significantly decreased reliability.
Conclusions: This study provides evidence to develop a new standard for duplex ultrasound detection of venous reflux.
Reports should include information on the time of the test, the patient’s position, and the provoking maneuver used.
Adopting a uniform cut point of 0.5 second for pathologic reflux can significantly improve the reliability of reflux
detection. Implementation of a standard protocol should elevate the minimal standard for agreement between repeated






















Reversed blood flow (reflux) in veins is the most com-
mon pathologic finding in extremities affected by chronic
venous disease (CVD) and is a dominant feature of progres-
sion to venous insufficiency and ulceration.1,2 Duplex ul-
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doi:10.1016/j.jvs.2011.06.121rasound has become the primary and, frequently, the only
iagnostic tool used for the identification of venous reflux.
his technique is generally accepted, widely available, and
ssumed to be reliable. In addition to clinical use, ultra-
ound scans are widely used in research studies, including
hose that address the natural history of CVD and treat-
ent outcomes.3-5
Acceptance of a diagnostic test ideally is preceded or
ccompanied by standardization and evaluation of its prop-
rties. The lack of such standardization results in the inabil-
ty to compare results of different studies and perform a
eta-analysis. Without standardization of testing protocols
nd understanding of expected variability in reflux values, it
s impossible to define meaningful change over time or as a
esult of an intervention. It hinders quality assurance in
ascular laboratories and introduces uncertainty in clinical
ecision making, especially when clinical data are inconsis-
ent with ultrasound findings.
Recognizing this problem, the American Venous Fo-
um initiated the Investigating Venous Disease Evaluation
nd Standardization of Testing (INVEST) study with the
oal of the development of standard protocols for nonin-
asive venous testing.6 This is the report on the first phase
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February 2012438 Lurie et albased identification of venous reflux and the relative effect
of key parameters on reproducibility of the results of venous
reflux measurement.
METHODS
The protocol for this study was approved by the Hawaii
Pacific Health Institutional Review Board (IRB) and by
local IRBs at participating centers. The following defini-
tions were used in the study:
Repeatability. Repeatability is defined by the Interna-
tional Organization for Standardization (ISO) as the close-
ness of agreement between independent test results under
conditions that are as constant as possible, where indepen-
dent test results are obtained with the same methods on
identical test items in the same laboratory by the same
operator using the same equipment within “short” intervals
of time.7 For purposes of this study, systematic measure-
ment errors and errors resulting from natural biologic
variability were considered contributors to decreased re-
peatability.
Repeatability was evaluated by comparing two tests
completed not longer than 2 weeks apart. Replicate tests
were performed by the same technologist, at the same time
of the day, using the same reflux-provoking maneuver, and
with the patient in the same position. Repeatability was
separately examined in all possible combinations of patient
position (standing or supine), reflux-provoking maneuver
(manual or automatic calf compression–decompression),
and time of day (morning or afternoon).
Reproducibility. ISO defines reproducibility as the
closeness of agreement between independent test results
that are obtained with the same method on “identical” test
items but in different laboratories with different operators
and using different equipment.7
Reproducibility was examined by two technologists
with similar expertise performing the test at the same time
of the day, using the same reflux-provoking maneuver
(automatic compression-decompression), and with the pa-
tient in the same position (standing). All participating
laboratories had one of the two participating technologists
attend a standardization course.
Facilitated reproducibility was studied by training vas-
cular technologists from participating laboratories in a stan-
dardization course to measure the effect of training on
reproducibility. The training course included (1) initial
familiarization with study protocol, (2) a video teleconfer-
ence where technologists observed the test performed by an
instructor with discussion of details of the protocol, and (3)
training sessions with all participating technologists. Dur-
ing the training sessions, each technologist performed com-
plete duplex scans as described in the study protocol while
the other technologists observed. This was followed by
discussion of the specifics of test technique, measurements,
interpretation, and recording. Facilitated reproducibility
was studied by having two technologists examine the same
patients immediately after an educational intervention. A
total of 51 patients were examined during training sessions
at the central laboratory, 39 of them by two technologists. wComparison of methods. Performing the test at a
ifferent time of the day (morning vs afternoon), changing
osition of the patient, and using different reflux-provoking
aneuvers constitute significant change in test protocol
nd thus do not fall under ISO definitions of repeatability
nd reproducibility. We included three pairs of compari-
ons: manual vs automatic rapid cuff decompression, stand-
ng position vs supine position, and morning vs afternoon
same technologist).
Although the study protocol did not specify the time of
he test, it defined a morning study as a test done within 4
ours after a night rest, and the afternoon study as done
fter a day of usual activities. Review of the data showed
hat all of the morning studies were done 10:00 AM and
he afternoon studies were done 2:00 PM. In only two
nstances was the second study performed 6 hours from
he first.
Protocol. During the preparatory stage, differences
nd common components of current vascular laboratory
esting of patients with chronic venous insufficiency were
dentified in participating centers. This information was
sed to develop duplex ultrasound scanning protocols that
ere acceptable for use at all centers with minimal changes
o existing clinical practice. Each center was given the
pportunity to implement additional components to its
xisting protocols. These included performing duplex ul-
rasound scanning in different patient positions and using
utomatic cuff compression and decompression devices.
One registered vascular technologist experienced in
enous testing from each participating institution spent 2
ays in the central laboratory. During this visit, differences
n procedures were identified, discussed, and minimized. In
ddition, at least five volunteers who did not have any signs
r symptoms of venous disease and had had a normal
enous duplex scan in the past, and patients representing
ifferent classes of CVD were studied independently by the
isiting technologist and by the technologist of the central
aboratory.
Data were collected from each center. After a routine
uplex ultrasound scanning, randomly selected patients
hen underwent a second vascular laboratory examination
y a different technologist, or in a different position or
sing a different reflux-provoking maneuver. The second
est, which was performed 1 month of the first test, was
erformed at the same time of the day as the first test or at
different time of the day by the same technologist, with
he patient in the same position and using the same reflux-
rovoking maneuver. No therapeutic interventions were
erformed between the two tests.
Duplex ultrasound examination. All centers used
ppropriate high-definition ultrasound equipment. Studies
ere performed using real-time duplex (B-mode and pulse-
ave Doppler) or triplex (B-mode, color Doppler, and
ulse-wave Doppler) imaging. The duration of reversed
ow after a provoking maneuver (reflux time) was mea-
ured in longitudinal view of the vein by a spectral pulse-
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Volume 55, Number 2 Lurie et al 439Because of the differences in settings at participating
vascular laboratories, the horizontal patient position was
defined as any patient position from true horizontal (0°) to
15° head-up tilt.
The examining sonographer performed manual rapid
decompression by using the hand that was not involved in
the scanning. Initial compression was performed at midcalf
level to obtain a visible flow velocity increase, followed by
rapid relief of the pressure to the calf. Two devices were
used for the automatic decompression. Two laboratories
used the Hokanson E20/AG101 Rapid Cuff Inflator (DE,
Hokanson Inc, Bellevue, Wash). All other centers used
VenaPuls VP-25 (ACI, San Marcos, Calif). Reflux time
measurements in a pilot study of 50 patients at the central
laboratory were not different when these two devices were
compared (P  .1; power, 80%).
For the purpose of comparing tests performed at dif-
ferent times of the day, the morning was considered 11
AM, and the afternoon 1 PM. Patients who worked during
the night hours or who were awake during the night were
not included in this study.
Participants. The study enrolled 74 participants who
were a mean age of 50 years (range, 22-79 years), consist-
ing of 17 healthy volunteers and 57 with primary CVD.
Their CEAP classification was Ep, Pr, with various combi-
nations of anatomic distribution of reflux. Clinical C class is
presented in Table I. Calculation of a sample size at the
onset of the study was impossible because the variability
was unknown. After completion of the reproducibility
study, and enrollment of five patients at each center, power
calculations were performed, and additional enrollment
was continued until the goal was reached.
Repeatability was examined in 34 of the 74 participants
and reproducibility in 43 (39 were used for studying facil-
itated reproducibility). Thirty-four individuals underwent
replicate tests in the morning and afternoon, 36 underwent
replicate scans using two different reflux-provoking maneu-
vers, and 30 were studied in two different positions. The
age, sex, and C class of each of the subsets of the patients
were similar to the entire group (Table II).
Statistical analysis. The Bland-Altman approach to
statistical analysis8 was used mainly because of intrinsic
dependence of correlation analyses (including interclass
correlation) on variance.9 For each analysis, the relationship
between the difference in replicate measurements and the
magnitude of the measured value was examined. If this
relationship was significant, the difference between the two
Table I. Sex and CEAP C class distribution
Sex
C class
Total0 2 3 4 5 6
Female 9 9 6 8 2 5 39
Male 8 11 4 8 1 3 35
Total 17 20 10 16 3 8 74measurements was transformed to a percentage of their mean value. The mean difference between the replicate
easurements (bias) and the 95% limits of agreement (LA)
re reported.
Spearman’s  was used to examine the relationship
etween the value of the criterion for pathologic reflux and
he agreement between the interpretations of replicate
ests. The  statistic was used in comparisons of absolute
greement for reflux interpretation. SPSS 13.0 software
IBM Corp, New York, NY) was used for statistical analysis.
ESULTS
Repeatability. Precision, which was used as the mea-
ure of repeatability, is defined as the value below which the
ifference between two measurements will lie within a
robability of 0.95 (British Standards Institution 1979).
ower values of precision correspond to higher reproduc-
bility of the test. Overall precision of reflux time measure-
ents was 0.74 second. Multivariate analysis showed that
ime of day and patient position were the only two factors
hat significantly influenced repeatability. Tests that were
erformed in the morning with the patient standing
howed the best repeatability (Table III).
Repeatability of reflux time measurements in deep veins
as significantly better than in superficial veins (0.37 vs
.82 second; P  .05) and did not significantly differ with
he time of day, the position of the patient, or the reflux-
rovoking maneuver. Reflux measurements in the superfi-
ial veins were more repeatable (P  .05) when performed
n the morning and, especially, in a standing position
Table IV).
Repeatability of clinical interpretation of the reflux
ime. Each of the two replicate measurements of the reflux
ime was independently interpreted as the presence or
bsence of reflux. The agreement between the two inter-
retations significantly depended on which value was se-
ected as a criterion (cut point) for pathologic reflux (Spear-
an’s , 0.4; P  .01) and was reversely related to the cut
oint value (Fig 1).
When 0.5 second was selected as a cut point, the
nterpretations agreed in 93.4% of the replicated measure-
ents. For 1.0 second, the percentage of agreement was
1.4. Agreement was significantly better when both repli-
ate tests were performed in the morning compared with
fternoon. For the 0.5-second cut point, the morning
greement was 95.8% compared with 90.7% in the after-
oon (P  .05); the corresponding values for the 1.0-
econd cut point were 96.3% and 87.7% (P  .01).
The type of reflux-provoking maneuver did not signif-
cantly influence the agreement. Although agreement
ended to be better when the test was performed in the
tanding position using the 0.5-second cut point, it was not
ignificant (Table V). The agreement between the two
eplicated measurements of reflux in superficial veins was
ot different from the agreement in deep veins (94.6 vs
1.7 for 0.5-second cut point, 91.2 vs 93.8 for a 1.0-
econd cut point; P  .05).
Reproducibility. The mean difference between the
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95% LA were 0.96 second (Fig 2, A). There was no
difference in reproducibility when the test was performed at
different times of the day (P  .7).
Facilitated reproducibility. The mean difference be-
tween the measurements performed by two technologists
was 0.03 second and was not significantly different from
zero. The 95% LA was 0.59 second (Fig 2, B). The bias
and the 95% LA were significantly smaller than the values
for nonfacilitated reproducibility. There was no difference
in reproducibility when the test was performed at different
times of the day (P  .9).
Reproducibility of the clinical interpretation of the
values of reflux time. Reproducibility of the clinical inter-




Repeatability 34 53.2 (12.9) 19
Reproducibility 43 49.2 (16.0) 26
Morning vs
afternoon 34 52.4 (11.9) 19
Manual vs automatic
decompression 36 48.0 (15.9) 20
Standing vs supine 30 51.0 (13.9) 15
P .51
F, Female; M, male; SD, standard deviation.
aCalculated by 2.
Table III. Repeatability of reflux time measurements by
multivariate analysisa
Time of the day Morning Afternoon
Patient position Supine Standing Supine Standing
Precision (sec) 0.71 0.43b 0.91 0.47b
0.61c 0.88
aRepeatability is expressed as precision in seconds (the value below which the
difference between two measurements will lie within the probability of




Table IV. Repeatability of reflux time measurements in
superficial veins by multivariate analysisa
Time of the day Morning Afternoon
Patient position Supine Standing Supine Standing
Precision (sec) 0.78 0.45b 1.16 0.93
0.61b 1.02
aRepeatability is expressed as precision in seconds (the value below which the
difference between two measurements will lie within the probability of
0.95). Lower values of precision correspond to higher reproducibility of the
test.
bP  .05.pretation was not significantly different for the cut points of ..5 and 1.0 second. Technologists agreed in 83.8% of cases
f the 0.5-second criterion was used to define pathologic
eflux (  0.7) and in 83.9% of cases if 1.0 second was used
  0.6). The training intervention improved the fre-
uency of agreement (facilitated reproducibility) to 94.4%
or the 0.5-second cut point (  0.9) and to 94.8% for the
.0-second cut point (  0.9).
Comparison of methods: morning vs afternoon.
he difference between reflux times measured at different
imes of the day was proportional to its magnitude; that is,
longer reflux time resulted in a larger difference between
ts value measured in the morning and in the afternoon (Fig
). This correlation was significant (r  .77; P  .01).
Therefore, for determining the limits of agreement, the
ifference between the two measurements was expressed as
percentage of their mean value (Fig 4). Negative values
ndicate that afternoon measurement resulted in a longer
eflux time compared with the morning measurement. The
ias (mean difference) was 33%, which was significantly
ifferent from zero (P  .001). The 95% LA were from
1.2% to 117.3%. The afternoon measurements resulted
n significantly longer reflux times (mean, 0.49 vs 0.82; P 
ts of the patients
. Highest CEAP C
M 0 2 3 4 5 6
15 10 8 4 5 2 5
17 10 4 10 9 3 7
15 12 5 3 7 2 5
16 11 10 3 5 2 5
15 6 14 1 6 1 2
.25a
ig 1. Agreement (%) between interpretations of two replicated
tudies and the cut point for pathologic reflux.ubse
x, No
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Volume 55, Number 2 Lurie et al 441The patient’s position and reflux-provoking maneuver
demonstrated a significant influence on the difference be-
tween the two measurements. Manual compression pro-
duced a lesser difference in the horizontal position (0.34 
0.58 vs 0.52  0.73; P  .011), whereas automatic com-
pression resulted in a lesser difference in the standing
position (0.20  0.36 vs 0.23  0.40; P  .01).
Reflux-provoking maneuvers: manual vs automatic
compression–decompression. The mean difference be-
tween the measurements performed using manual or auto-
matic compression–decompression (bias) was 0.04 sec-
ond, which was not significantly different from zero (P 
.11). The 95% LA was 1.12 seconds (Fig 5).
The patient’s position and the time of day when the test
was performed significantly influenced the difference be-
tween measurements using manual compression vs auto-
matic compression. Performing the test in the morning
with the patient supine produced the lowest difference
between the two measurements (0.051  0.28 second).
Performing the test in the morning with the patient stand-
ing produced the highest difference between the two mea-
surements (0.21  0.43 second).
Position of the patient: standing vs supine. The
mean difference between the measurements performed
with patients in the two different positions (bias) was
Table V. Repeatability of clinical interpretation of the refl
Cut point 0.5 second
Patient position Supine Standing
Time of the day Morning Afternoon Morning
Agreement, % 97.8 93.8 91.7
92.9 94
93.4
Fig 2. Reproducibility of reflux time (rt) measuremen
intervention and (B) after the educational intervention
absolute difference  rt1 – rt2. SD, standard deviation.0.23 second, which was significantly different from zero tP  .001). Reflux time was shorter, at 0.59  0.65
econds, when patients were standing compared with
.82  0.81 second when they were supine (P  .0001).
he 95% LA were from 0.98 to 0.53 second (Fig 6).
Comparison of clinical interpretation of the values
f reflux time obtain with different methods.
greement between clinical interpretation of the two mea-
urements was significantly different for the cut points of
.5 and 1.0 second when different positions and times of
ay were compared, but not when two reflux-provoking
aneuvers were used (Table VI). The use of 0.5 seconds as
criterion for pathologic reflux resulted in overall better
greement. When 0.5 seconds was used as a criterion for
athologic reflux, the agreement was not significantly dif-
erent for deep and superficial veins, different combinations
f time of day, position of the patient, or reflux-provoking
aneuver.
ISCUSSION
CVD is one of the most common conditions in adults,
nd venous reflux is the central feature of this condition.10
ignificant progress in understanding the pathophysiology
f venous disease, development of new management op-
ions, and improving treatment outcomes was made in the




oon Morning Afternoon Morning Afternoon
0 98.9 93.8 97.2 80
95.2 89.6
91.4
and-Altman plot is shown (A) before the educational
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February 2012442 Lurie et alimprovement of care for patients with CVD is hindered by
the lack of standardization of vascular laboratory testing.
Thus, it is essential to measure the variability of a test’s
results and identify causes of this variability. Repeatability
reflects the property of the test itself, because all obvious
Fig 3. The difference (absolute value) between reflux tim
to the magnitude of reflux time. Mean  (rt1 	 rt2)/2;
Fig 4. Agreement (percent) between reflux time (rt)
Bland-Altman plot. Mean (M)  (rt1 	 rt2)/2; differenassignable variations are excluded. It defines the best agree- sent between duplicate tests that can be expected by
mplementing a specific protocol.
These data show that performing duplex scans in the
orning and in a standing patient offers the highest repeat-
bility of reflux time measurements, with a precision of 0.43
) measured at different times of the day was proportional
lute difference  rt1 – rt2.
sured at different times of the day is shown in the
100% 
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Volume 55, Number 2 Lurie et al 443(P  .01). Agreement between the clinical interpretation of
two replicated measurements of reflux ranged between 80%
and 96%. Selecting a shorter duration of reversed flow as a
criterion for pathologic reflux improved the agreement
between interpretations of replicated tests (Spearman’s ,
0.4; P  .01), and a 0.5-second cut point performed
better than one of 1.0 second for superficial and deep veins.
Selecting different cut points for superficial and deep veins
did not show any advantage compared with using the
Fig 5. Agreement between the measurements performe
shown in Bland-Altman plot. Mean (M)  (rt1 	 rt2)/
Fig 6. Agreement between the measurements performed with
patients in the two different positions is shown in the Bland-
Altman plot. Mean (M)  (rt1 	 rt2)/2; difference  rt1 – rt2.
SD, standard deviation.0.5-second cut point for all veins. Testing in the morning Vhowed significantly better agreement between interpreta-
ions of replicated measurements.
Inferior reproducibility was observed when variable
rotocols were used to measure the duration of reflux time.
owever, we have shown that when standardized training
s introduced, the reproducibility of this measurement can
pproach that of repeated examinations by the same tech-
ologist. Thus, education can improve the reproducibility
f the measurement of reflux time and the agreement
etween the interpretations of two replicated tests per-
ormed by different technologists (Table VII). After ob-
erving each other and performing a test together, two
echnologists, on average, reached an agreement that was
ot different than when the same technologist repeated the
est (repeatability conditions).
The Intersocietal Commission for the Accreditation of
ng manual or automatic compression–decompression is
ference  rt1 – rt2. SD, standard deviation.
able VI. Comparison of clinical interpretation of the




0.5 second 1.0 second
Agreement, %  Agreement, % 
tanding vs
supine 88.2 0.8 67.2 0.4 .01
orning vs
afternoon 83.6 0.7 62.3 0.3 .01
utomatic
vs
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February 2012444 Lurie et alstandard of 70% for the agreement between repeated du-
plex scans.13 This consensus-based standard is substantially
lower than the reproducibility demonstrated by this study.
Multiple single-center studies demonstrated significant
variability in the results of duplex-based measurement of
reflux. Inconsistent examinations resulted from testing at
different times of the day, when patients were in different
positions and when different reflux-provoking maneuvers
were used.14-18 However, despite well-intentioned prac-
tices, protocols have not been standardized, consistency
does not exist, and each laboratory uses a unique combina-
tion of these parameters. In many cases, these combinations
vary from one technologist to another within the same
laboratory. This study showed that using different proto-
cols for testing of the same patient adversely affected reli-
ability, occasionally to unacceptable levels (Table VIII).
The cut point of 0.5 second for pathologic reflux
performed better across the tested variations. This agrees
with our repeatability data and with the literature.18 The
same statements are true for the standing position of the
patient and for testing patients in the morning.14,16
Published data regarding reflux-provoking maneuvers
are more controversial. A Valsalva maneuver introduces
additional sources of variability related to the patient’s
cooperation, respiratory function, muscle tone, and the
relationship between venous pressure and respiration. To
improve reliability, standardization of the Valsalva maneu-
ver was proposed by maintaining expiratory pressure at 30
to 40 mm Hg.19,20 However, the longitudinal reliability of
a standardized Valsalva maneuver was shown to be unac-
ceptably low.17,21 We thus excluded the Valsalva maneuver
from the protocols and limited our comparison to manual
and automatic compression–decompression of the distal
Table VII. Reproducibility and facilitated reproducibility




Two technologists 83.8 97.3
Facilitated 94.4 97.3
P .0004
aReliability defines the best agreement between duplicate tests that can b
interpretation of replicate tests performed by two technologists (reproduci
educational intervention (facilitated reproducibility) to the level not statistic
Table VIII. Agreement (%) between interpretations of tw




Standing vs supine 88.2 96.7
Morning vs afternoon 83.6 97.3
Automatic vs manual 89.7 96.6limb. Although an impression that automatic compression– Aecompression produces more reliable results is popular,
tudies have often failed to detect any difference.14,18
hese data confirmed that using different reflux-provoking
aneuvers decreases reliability (Table VIII).
ONCLUSIONS
This prospective, multicenter study showed high re-
eatability of duplex ultrasound in the detection of venous
eflux. Reproducibility of this test, when performed using
n identical protocol, is sufficient and can be improved by
ducational intervention. Testing patients at a different
ime of the day, in different positions, and using different
eflux-provoking maneuvers significantly decreases reliabil-
ty of determined duration of venous reflux.
These findings suggest that standardization of duplex
ltrasound detection of venous reflux can improve reliabil-
ty. Reports should be standardized to include information
n the time of the test, the position of the patient, and the
rovoking maneuver used. The repeated scans can be per-
ormed in the same settings, improving reliability. Adopt-
ng a uniform criterion of 0.5 second for pathologic reflux
an significantly improve the reliability of reflux measure-
ent and interpretation. Implementation of a standard
rotocol should elevate the minimal standard for agree-
ent between repeated tests from the current 70% to at
east 80% and, with more rigid standardization, to 90%.
his study provides evidence to develop a new standard for
uplex ultrasound detection of venous reflux. Such stan-
ardization will then facilitate progress in research and
linical management of CVD.
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This meticulous evaluation of the repeatability and reproduc-
ibility of venous duplex imaging by a distinguished group of
investigators represents the first phase of the Investigating Venous
Evaluation and Standardization of Testing (INVEST) study, the
program initiated by the American Venous Forum to develop
reporting standards for diagnostic venous studies. Given the ex-
traordinarily widespread use of venous duplex imaging and its
critical role in the diagnosis and treatment of chronic venous
insufficiency, such standardization is vital for the clinical and
research missions associated with this disease.
All duplex examinations, as we know from our arterial experi-
ence, are highly operator dependant, and thus, establishment of
their reliability is essential. On the arterial side, this has largely been
accomplished through the application of standard methodologies
to perform and report studies and validation by comparison with
arteriography. The current study is the first step in such an effort
for venous noninvasive diagnosis. It should be noted at the outset
that this study is not designed to evaluate the accuracy of venous
duplex imaging, but only its repeatability and reproducibility and
the factors that can affect these end points.
The key findings of this study were that the greatest repeat-ith the individual standing, and that use of the shorter 0.5-second
ut point improved agreement between interpretations of reflux
not validity). In addition, education by standardized training of
echnologists and the application of a single examination protocol
mproved reproducibility.
This rigorously conducted study is a strong first step in the
rocess of standardizing venous duplex imaging. From it we have
earned that adhering to a standard protocol matters more than
actors that cannot be controlled, that experience and precision
atter, and that studies performed by different individuals in
ifferent laboratories on different patients can be compared in a
eaningful way when standardization is applied. These important
bservations allow us to take the next steps in the process, which
ill involve formalizing performance and reporting standards and
reating the expectation that they will be adhered to.
Despite the accomplishments of this study in determining the
epeatability and reproducibility of venous duplex imaging, there
emains an important but unanswered question yet to be ad-
ressed: What is the validity of venous duplex imaging? This may
rove quite challenging because we lack a gold standard, such as
arotid arteriography, for comparison, but most certainly merits
ur further investigation.
